1 truncatus) to human-induced changes in the coastal ecosystem. The main response of top predators to human-induced environmental changes is often 10 behavioural. Although human activities regularly impose a disturbance on top predators, they 11 can also be a source of reliable and concentrated food resources for species with a high degree 12 of behavioural plasticity. This study represents the first assessment of the influence of these 13 resources on migratory patterns and social interaction of a marine top predator, the common 14 bottlenose dolphin, Tursiops truncatus. Pollock's closed robust design models and association 15 analyses were applied to data collected over nine consecutive years of research in a coastal 16 area subject to significant use and pressure by humans. Photo-identification data were 17 collected year-round during 955 boat-based surveys, resulting in 1 638 common bottlenose 18 dolphin group encounters. Results of this study revealed a significant upward trend in density 19 of bottlenose dolphins, preferences for a coastal area with higher human pressure, and a 20 reduction of the social interactions associated to a temporal switch to the food sources 21 provided by human activities. The observed link between human activities and changes in 22 common bottlenose dolphin behaviour aim to contribute to a better understanding of the 23 ecology of a marine top predator and provide some of the needed baseline data, from which 24 effective management and conservation strategies can be designed. Anthropogenic activities are responsible for significant modifications in the marine 32 environment at an unprecedented rate and scale over the last few decades (Crain et al. 2008, 33 Halpern et al. 2008. These human-induced changes in the environment have the potential to 34 impact species up and down the marine food web (Maxwell et al. 2013). Likewise, the 35 temporal and spatial scales at which marine top predators respond to these changes affect 36 both ecological function and conservation planning (Walker et al. 2005 , Bedjer et al. 2006, 37 Rolland et al. 2008. predators suggests that, the long-term exposure to human activities should be associated with 44 decreased local population density (Bedjer et al. 2006, Roland et al. 2008, Ferretti et al. 2013. 45 However, effects of human-induced disturbance may vary considerably among species and 46 over a species range (Ansmann et al. 2012). In this regard, accurate assessments of temporal 47 changes in migratory patterns and social interaction of marine top predators are integral 48 components of the information needed to identify and describe potential impacts of 49 anthropogenic activities. 50 AUTHORS COPY: Díaz López, B. 2018. "Hot deals at sea": responses of a top predator (Bottlenose dolphin, Tursiops truncatus) to human-induced changes in the coastal ecosystem. Behavioral Ecology. doi:10.1093/beheco/ary162 Having a near-shore and behavioural plasticity, the common bottlenose dolphin Tursiops 51 truncatus (Montagu 1821), hereafter bottlenose dolphin, has often been reported to exploit 52 anthropogenic food sources (Corkeron et al. 1990, Fertl and Leatherwood 1997, Pace et al. 53 1999 , Svane 2005 , Díaz López 2006a , 2012 . However, although diet (Santos et al. 2007) , 54 habitat use (Svane 2005 , Díaz López 2012, and social structure Shirai 2008, 55 Ansmann et al. 2012) have been associated with access to anthropogenic resources, the 56 prolonged influence of these resources on migratory patterns and social interactions has so far 57 received limited attention. The lack of this significant information hampers our ability to 58 evaluate the impact of anthropogenic activities on this potentially vulnerable marine top 59 predator (DeMaster et al. 2001, Bearzi et al. 2008. These data deficiencies are remarkable in 60 the Mediterranean Sea, where the bottlenose dolphin is widely distributed with fragmented 61 populations and is thought to be declining in numbers (Natoli et al. 2005, Bearzi et al. 2008, 62 Gnone et al. 2011. 63
INTRODUCTION 31
Anthropogenic activities are responsible for significant modifications in the marine 32 environment at an unprecedented rate and scale over the last few decades (Crain et al. 2008, 33 Halpern et al. 2008 ). These human-induced changes in the environment have the potential to 34 impact species up and down the marine food web (Maxwell et al. 2013 ). Likewise, the 35 temporal and spatial scales at which marine top predators respond to these changes affect 36 both ecological function and conservation planning (Walker et long-term and exhaustive studies about the influence of human-induced changes on 71 ecosystem on social interaction and migration of bottlenose dolphins. Therefore, the 72 objectives of this study were to present the first assessment of seasonal trends in migratory 73 patterns and social interaction of this species in a coastal area subject to significant use and 74 pressure by humans. Through these analyses, I aimed to further our understanding of the 75 AUTHORS COPY: Díaz López, B. 2018. "Hot deals at sea": responses of a top predator (Bottlenose dolphin, Tursiops truncatus) to human-induced changes in the coastal ecosystem. Behavioral Ecology. doi:10.1093/beheco/ary162 a matrix of evident notches. (2) A "marked individual" was considered one adult bottlenose 150 dolphin with distinct dorsal fin with an average amount of information (i.e. a single large notch 151 and several small ones). (3) A "poorly marked individual" was considered one identified adult 152 bottlenose dolphin with dorsal fin with small amount of information (i.e. a small notch, dorsal 153 fin scars and tooth-rakings). Since body and dorsal fin scars, marks, and decolouration are not 154 necessarily permanent and not easily identifiable, individuals with absence of marks on the 155 dorsal fin "unmarked" and "poorly marked individuals" were not included for further mark-156 recapture analysis. 157
Every photograph was reviewed for false positives and false negatives, and the identification of 158 the individuals was confirmed by two experienced observers. Capture histories, corresponding 159 to whether or not an adult bottlenose dolphin was photo-identified within a sampling period, 160
were compiled for each individual. 161
Occurrence patterns 162
For spatial analysis all 9 years of survey data were included into a geographic information 163 system (GIS) using the software QGIS (http://www.qgis.org). The study area was divided into 1 164 nm 2 cells by creating a polygon grid and the number of times the research vessel crossed each 165 cell searching for dolphins (on-effort) was used to summarize the distribution of the survey 166 effort irrespective of dolphins' presence. Thus, in order to minimise bias from uneven 167 allocation of survey effort in space a relative index defined as Sighting per Unit of Effort (SPUE) 168 was calculated as: 169
170
Where, Ec is the number of bottlenose dolphin encounters in each cell of the grid and Sc is the 171 total number of surveys on-effort monitoring each cell. By calculating SPUE we reduced effort-172 related bias from derived distribution patterns arising from an uneven survey effort, caused by 173 time and weather restrictions. probability of first capture (p), and probability of recapture (c). Recapture probability (c) was 203 set to equal capture probability (p) in all the models because capture should not affect 204 recapture when using photo-identification methods adequately. Models with constant capture 205 probability were not fitted to the data, because environmental conditions and distribution of 206 the effort were not constant over the sampling periods and, therefore, the probability of 207 capture varied among them. Estimated parameters between sampling periods included the 208 probability of apparent survival (ϕ) and two temporary emigration parameters (γ′ and γ″). 209
Following Kendall et al. (1997) : ϕ is defined as the probability that a dolphin survives and stays 210 in the study area scaled on a seasonal basis; γ′ is defined as the probability of an individual 211 being a temporary emigrant, given it was absent in the previous sampling period, and γ″ is 212 defined as the probability of an individual being a temporary emigrant, given it was present in 213 the previous sampling period. 214 Combinations of robust models, where parameters were either constant or were allowed to 215 vary with time, were fitted for different temporary emigration patterns to look for a more 216 with recognizable marks and the other dolphins in the group were not determined with 253 certainty. The standard error (SE) and log-normal 95% confidence intervals of the total 254 abundance ( ) were derived using the delta method (Williams et al. 2002) . 255
Detection of temporal trends 256
Two tests were applied to detect statistically significant temporal trends (Wasmund and -(2) All individuals have equal probability of being captured within a sampling occasion. 272
To ensure this assumption, attempts were made to photograph both sides of the 273 dorsal fin of every dolphin present in the group, and only "excellent quality" 274 photographs were used in mark-recapture analyses. In addition, during dolphin 275 encounters, explicit effort was made to photograph all the animals present, despite 276 their markings, proximity to the boat, or individual behaviour. Moreover, the Pollock's 277 robust design allows for heterogeneity of capture probabilities because the secondary 278 sampling periods occur close together (Smith et al. 2013) . 
ary162 social behaviour depending on the feeding activity in which they were engaged (Díaz 297
López and Shirai 2008). Therefore, the probability of capturing an individual may be 298 increased by capturing its close associates (Connor et al. 2000) . This potential 299 violation, which is a common characteristic of dolphin mark-recapture data, is unlikely 300 to cause a bias in the estimates obtained in this study (Williams et al. 2002) . (Table 1) . In all, 98 months were spent in the 307 field, totaling 3 584 hours (1 421 hours with the groups of dolphins and 2 163 hours searching 308 for dolphins) and 15 330 km. 309
In total, 36 primary periods (consecutive seasons of the year) and 78 secondary periods were 310 included in the robust design models (Table 1 ). The time taken to complete secondary periods 311 averaged 17.9 ± 0.9 days. 312
Bottlenose dolphins were seen in 794 boat-based surveys (83% of the total) and 1 410 groups 313 were sampled and photographed (86% of the total). Group size ranged from 1 to 19 individuals 314 (mean = 4.43 ± 0.1 dolphins). Most encountered groups (91% of the encounters) contained 315 less than 8 animals. Group composition showed that 79% of the observed bottlenose dolphins 316 were considered adults; thus, the remaining 21% were categorized as dependent calves. 317
A total of 1 300 bottlenose dolphin groups were observed in the Gulf of Olbia, 39 in the Gulf of 318
Congianus, and 71 in Open waters. The bottlenose dolphins were mostly engaging in foraging 319 activities (61 % of the encounters, followed by travelling (26 %), socializing (10 %), and resting 320
(1 %). Sightings were made throughout the study area, but the highest SPUE took place inside 321 AUTHORS COPY: Díaz López, B. 2018. "Hot deals at sea": responses of a top predator (Bottlenose dolphin, Tursiops truncatus) to human-induced changes in the coastal ecosystem. Behavioral Ecology. doi:10.1093/beheco/ary162 of the Gulf of Olbia, predominantly along the inshore waters of Aranci Bay (Figure 1) . During 322 the encounters, the bottlenose dolphins did show evident behavioural preferences across the 323 different areas (Contingency table Chi square, p<0.001). Thus, in the Gulf of Olbia the 324 bottlenose dolphins were mostly engaging in foraging activities (69 % of the encounters), 325 followed by travelling (28 %), socializing (2 %), and resting (1 %). However, in the Gulf of 326
Congianus and in Open waters the dolphins spent most time travelling (79% and 67% of the 327 encounters, respectively), followed by feeding (13% and 23%, respectively), socializing (5% and 328 6%, respectively), and resting (3% and 4%, respectively). 329
Photo-identification data and association patterns 330
Overall, 124 adult bottlenose dolphins with recognizable marks were identified. Of these, 43 331 (35%) were documented as females, 21 (17%) as males, and 60 (48%) were of unknown sex. 332
The calculated seasonal distinctiveness rate (or proportion of adult bottlenose dolphins with 333 recognizable marks) averaged 0.73 ± 0.01, exerting a moderate influence in the total 334 abundance variation. 335
The mean number and the proportion of adult individuals with recognizable marks per season 336 was 20.6 ± 1.4 and 16.6% respectively. The sighting frequency of identified dolphins ranged 337 from 1 to 588 encounters (mean = 37 ± 9) across the duration of the study. The number of 338 seasons an identified dolphin was photographed ranged from 1 to 36 (mean = 6 ± 0.8). This 339 sighting frequency fluctuated across secondary sampling periods from 1 to 78 (mean = 20.1 ± 340 1.5). Seventy-nine bottlenose dolphins (64% of the total identified dolphins) were identified in 341 more than a single season of the year (primary sampling period), and 44 individuals (36% of 342 the total identified dolphins) were only seen during a single secondary sampling period. 
Robust design model selection 357
The best-fitting model, determined by the lowest AICc value, showed constant apparent 358 survival rate, seasonal Markovian temporary emigration (with time variation in emigration 359 parameters γ″ and γ′) and a different capture probability for each primary sampling occasion 360 (Table 2 ). The LRT rejected the models with no movement, no emigration, and random 361 emigration in favour of the two first models with a Markovian emigration process and constant 362 apparent survival rate (Chi-square, p < 0.001). One of the most striking results of understanding the impact of human activities on dolphins, 394 or vice versa, is the agreement of both past and present that these animals have always been 395 
